We present a simple subtraction procedure of GDDSC as a modification of the original DSC and GDRDA methods. Genetically Directed Differential Subtraction Chain (GDDSC) is a process by which highly related genomes are compared in order to isolate tags carrying the polymorphisms.
2 especially interesting idea when it would be combined with any simple subtractive method, e.g.
DSC.
That was the reason to elaborate the genetically directed DSC (GDDSC) 4, 5, 6 . In GDDSC, the low quantity of isolated polymorphic fragments arise in accordance with number of subtraction rounds . Theoretically, the big advantage of this method is possibility to isolate the gene/genes of interest (directing gene). Enhancing the number of rounds in GDDSC, the subtracted mix become more saturated in polymorphic sequences. Moreover, the set of the GDDSC fragments should be a subset of the DSC ones, but the pool after GDDSC shouldn't consist difference caused by the plant individual variantion
In this paper, we describe the use of GDDSC method to identify genomic differences associated with sex phenotype in cucumber plants (Cucumis sativus L.) and with tissue culture response of rye (Secale cereale L.). generations were used to generate sex GDDSC marker. F2 plants were evaluated regarding to sex phenotype and then divided into groups according to flower sex type but with establish manner regard to pair set. The genomic DNAs were isolated from young leaves and then pooled according to sex phenotype divisionThose bulks were used as a pool for GDDSC method. Each bulk was used also as a tester and as a driver but respectively for M and Gy gene. Each bulk was used both as a tester and as a driver. The negative control was made from NR pool digested with HindIII, BglII and BamHI and was used as a tester and the driver in the same reaction.
▲ CRITICAL STEP
To obtain the clearly differentiating markers from the GDDSC results, one should conduct the extensive and precise phenotypic observations of the plant populations used in the study
Genetically similar nearly isogenic lines (NILs), differing only at a small genome fraction associated with the trait locus, are useful in genomics studies, molecular characterization and mapping of the gene of interest.
Schema 1 and 2
show the GDDSC methods for cucumber and rye, respectively.
4
Schema 1 shows an overview of the GDDSC protocol according to the original DSC protocol in regard to the adaptors ligation reaction (Luo et al., 1999) . R adaptors were ligated to the tester and J adaptors were ligated to the driver DNAs to generate representations. Adaptors were removed only from representation of the driver. 
▲ CRITICAL STEP
The quality of genomic DNA is very important for successful subtraction. Degraded DNA will result in the isolation of artificial bands. You may use any commercially available kit for plant genomic DNA isolation.
In principle it is possible to create amplicons from minuscule quantities of material, including single cells. However, problems can arise when maintaining a truerepresentation of DNA from very small amounts of starting material. 
Oligonucleotide adaptors used during ligation reaction should be purified by HPLC, since T4
DNA ligase is easily inactivated by traces of chemicals used for oligonucleotide synthesis, to avoid low yields of the tester and driver representations.
Note that it is essential to use unpfosphorylated oligonucleotide adaptors. The 12-mer oligonucleotide provides a splint to allow the ligation of the 24-mer. The 12-mer does not have a phosphate group on its 5'end so it is not ligated itself and dissociates during the PCR reaction. e) Add 0,6 ml of A1 buffer onto the column and centrifuge at 10,000-15,000 rpm for 30 seconds.
f) Repeat the step d) and add 0,3 ml of A1 buffer onto the column.
g) Centrifuge the column at 10,000-15,000 rpm for 2 minutes.
h) Place the dry column in a new tube and add 30 µl to 50 µl of TE buffer (10mM Tris-HCl, 1mM EDTA pH 8,0) or water. Make sure that the liquid reaches the blue ring inside the column, otherwise the elution will be not efficient. Notice that, the more solvent you use, the lower DNA concentration you obtain, but the efficiency of the elution is greater.
Finally we eluted the DNA with 30 µl of water.
i) Incubate it for 3 minutes at room temperature and centrifuge at 10,000-15,000 rpm for 1 minute. j) Remove the column and store the DNA at -20°C until further analysis.
BOX 1. DNA POOLS PREPARATION
The first step of GDDSC is the preparation of "representations" from DNA populations.
Typically, a representation is a set of restriction endonuclease fragments of a limited size range amplified by PCR (using oligonucleotide adaptors). Restriction endonuclease-based representations have major advantages over other RR (reduced representatios) methods(1) their complexity can be regulated by the choice of restriction enzyme, (2) they are highly reproducible.
Restriction enzymes. In the GDDSC, similar to the RDA and GDRDA, enzymes like BamHI, HindIII or BglII are typically used, as they generate considerably larger fragments. Additionaly, using those enzymes, a 100 fold reduction of complexity was estimated for GDDSC genomic libraries (similar to RDA).
(For each organism, the average fragment lengths can be calculated using the dinucleotide frequencies).
Oligonucleotide adaptors. GDDSC require two pairs of adaptors, each formed by one 12-mer and one 24-mer oligonucleotide. We ligated two pairs of adaptors in the two following ways (1)
The R pair was ligated to the digested DNA used for preparing tester, the J pair was ligated to driver. Only the driver amplicon was then digested again with restriction enzyme while the R pair of tester amplicon remained unchanged for subtraction cycles (according to the DSC protocol, Luo et al., 1999) . (2) The R pair was ligated to the digested DNA used for preparing tester and driver in representation. Tester and driver amplicons were then digested again with restriction enzyme and the J pair was ligated to tester for the subtraction cycles 
Follow this PCR program:
72°C for 3 min; 72°C for 5 min; 20cycles, 95°C for 1 min and 72°C for 3 min; 72°C for 10 min.
After a final extension cool samples at 4°C.
▲ CRITICAL STEP
The PCR amplification step to generate the representations is critical one for a successful GDDSC. To generate representations that truly represent the original DNA, the PCR needs to be optimized by careful titration the number of cycles and template concentration for each sample.
After adding Taq DNA polymerase into the reaction tube, the probes have to be heated for at least 3 minutes at 72ºC. Therefore, you should mix enzyme as fast as possible or you can use a PAUSE function on your thermal cycler.
■ PAUSE POINT
Store at 4°C for up to several months.
We suggest to use the DNA purification spin column (A & A Biotechnology kit). The procedure is described below. After using the DNA spin column DNA is eluted in 30 µl .
Analyze 10 µl of each PCR product by electrophoresis on a 2% agarose/EtBr gel to check the range and quality of representations. Figure 1A , B and C. Figure 1A . Figure 1B . Figure 1C . 
▲ CRITICAL STEP
A smear of genomic representations ranging in size from 150 -1500 bp should be seen.
Digest the tester and driver DNA in 200µl reaction volume with the proper restriction endonuclease. In the case of rye genomic subtraction, only the driver DNA was digested as above.
To avoid loss of unique sequences, the original DSC strategy (Luo et al.1999 ) was used. That approach assume the utilization the different adaptors, ligated to the tester and driver DNAs.
There is no need to cut off and ligate other adaptors to the tester pool of DNA. Such approach caused the low probability that the unique tester sequences will be excluded from further analysis 
■ PAUSE POINT
Incubation at -20°C over night.
6/ Exchanging oligonucleotide adaptors in representations.
A Before the next round of subtractive hybridization which includes subsequent hybridization and representations amplification, mixture was reheated to 98ºC.
We performed five rounds of subtractive hybridization in cucumber (Figure 2 ) and nine rounds of subtractive hybridization in rye (Figure 3) . The products differing tester and driver pools, after five or nine rounds of hybridization were used for direct cloning. 
■ PAUSE POINT
Subtraction step.
▲ CRITICAL STEP
No additional driver representation was added after the first round of GDDSC.
Follow the procedure for hybrydyzation and selective amplification as described above. The negative experiment control have been conducted with identical tester and driver DNAs(tester and driver prepared from identical genomic DNA sample). In both cases: cucumber (after five rounds) and rye (after nine rounds) there was no differentiating product observed. 
Comparison of representations and differing products by 2% agarose/EtBr gel electrophoresis, verified the expected appearance of distinct bands in later rounds of hybridizations, compared to the relative smear in the initial representations. The differing products from five (cucumber) or nine (rye) round were used for direct cloning.
9/ Analysis of subtracts. (subtracted clones).
 DNA inserts analysis by electrophoresis.
Run electrophoresis on the 6% polyacrylamide/AgNO 3 gel prepared according to Pillen et al.
(2000) using the products from the last round of subtraction.
Cut the bands from the dry polyamide gel and suspend them separately in the 10µl of sterile water.
■ PAUSE POINT
Incubation at 4ºC over night.  Sequence analysis of subtracted clones.
The obtained band after subtraction should be sequenced and basic bioinformatic analysis shoul be performed. In case of cloning band from gel, at leats two bacterial colony should be taken to sequencing of insert in TOPO vector. Sequence comparison in e.g. Blast2Seq algorithm to elucidate if there was one or more sequences present in one band. To evaluate function of the sequence use other bioinformatics algorithm available on webpage eg blastn and blastx algorithms, at the e-value below 0,01, using the relevant nucleotides and ESTs databases, respectively.. In our analysis, only GDDSC products with the similarities above 85%
were taken into consideration.
Choose the interesting sequences and design internal primers (e.g. using Primer 3 program).
 Real-Time analysis.
To conduct our investigations the RNA was isolated from callus produced by L318 and L9 lines after 2, 4, 8 and 12 weeks culture on the induction media and after 2 days of culture on the regeneration media. Also RNA from immature embryos (21 days after self-pollination) of both lines was isolated as above, using Trizol kit (Invitrogen). The RNA concentration was checked using the spectrophotometer.. 
Source
This protocol was provided directly by the authors.
